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Abstract
We describe ﬁve patients with positive blood culture for Kocuria
species. Three patients had catheter-related bacteraemia and
one had infective endocarditis caused by Kocuria kristinae, and
one had a K. marina isolate, which was considered to be a con-
taminant. Identiﬁcation of the isolates was further conﬁrmed by
16S rRNA gene sequence analysis. In conclusion, Kocuria species
are an unusual cause of infection in immunocompromised
patients. Accurate identiﬁcation with molecular methods is
imperative for the diagnosis of these unusual pathogens.
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After a taxonomic revision of Micrococcus was made by
Stackebrandt et al. [1] in 1995, this genus was separated into
the genera, Mirococcus, Nesterenkonia, Kytococcus and Derma-
cocccus as well as the new genus Kocuria. Kocuria is a member
of the Micrococcus family, which includes Kocuria rosea, Kocuria
kristinae, Kocuria varians, Kocuria palustris, Kocuria rhizophila,
Kocuria marina and Kocuria aegyptia [1–5]. In the limited num-
ber of reported cases, the clinical manifestations of Kocuria
infection included central venous catheter-related blood-
stream infection and acute cholecystitis [5–8]. However,
Ben-Ami et al. [9] reported on the misidentiﬁcation of
coagulase-negative Staphylococcus, which often caused catheter
related infection, as Kocuria species by the VITEK 2 system
(bioMerieux, Marcy l’Etoile, France) and suggested that the
precise identiﬁcation of these rare microorganisms requires
genomic sequencing, a method that is not available in most
clinical microbiology laboratories. To better understand the
epidemiology and the clinical characteristics of infections
caused by these environmental pathogens, we describe ﬁve
patients with positive blood cultures for Kocuria species.
From January 2006 to June 2009, patients who had a posi-
tive blood culture for Kocuria species in the National Taiwan
University Hospital were included. Identiﬁcation of the Kocu-
ria genus was based on conventional biochemical tests and
on results obtained using the Phoenix automated system
PMIC/ID-30 (Becton Dickinson Diagnostic Systems, Sparks,
MD, USA) and the VITEK 2 system (bioMe´rieux Inc., La
Balme les Grottes, France). A partial sequence of the 16S
rRNA gene (548 bp) was generated to conﬁrm the identiﬁca-
tion of our isolates [6]. A pair of universal primers (primers
27F and 1492R) were used [6]. The sequences obtained
were compared with published sequences in the GenBank
database by using the BLASTN algorithm (http://www.ncbi.nlm.-
nih.gov/blast). The closest matches and GenBank accession
numbers were obtained. MICs of the isolates were deter-
mined by the broth microdilution method using the Phoenix
automated system PMIC/ID-30 (Becton Dickinson Diagnostic
Systems).
Random ampliﬁed polymorphic DNA (RAPD) patterns of
all isolates of Kocuria species generated by arbitrarily primed
PCR were as described previously [10]. Two arbitrary oligo-
nucleotide primers: M13 (5¢-GAGGGTGGCGGTTCT-3¢)
(Gibco BRL Products, Gaithersburg, MD, USA) and H12
(5¢-ACGCGCATGT-3¢) (Operon Technologies, Inc., Ala-
meda, CA, USA) were used. The arbitrarily primed PCR
analyses of these isolates were performed in duplicate. Inter-
pretation of the RAPD patterns was performed as previously
described [10].
A total of 21 blood isolates from ﬁve patients were identi-
ﬁed as Kocuria species by conventional biochemical methods.
Twenty isolates of K. kristinae, which were initially identiﬁed
by the Phoenix automated system (conﬁdence value 99%)
and VITEK 2 system (probability of identiﬁcation 99%), were
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conﬁrmed by 16S rRNA sequencing [accession number of all
isolates was EU379300.1, maximal identity, 99.8% (547/548)].
One isolate, initially identiﬁed as K. varians by the Phoenix
automated system (conﬁdence value 99%) and K. kristinae by
the VITEK 2 system (probability of identiﬁcation 96.71%),
respectively, was ﬁnally conﬁrmed to be K. marina by 16S
rRNA gene sequencing [accession number FJ789550.1, maxi-
mal identity, 100% (548/548)]. The MIC ranges of the ﬁve
Kocuria species to 20 antimicrobial agents are shown in
Table 1.
The clinical characteristics of the ﬁve patients with Kocuria
bacteraemia are summarized in Table 2. In patient 3, the iso-
lates probably reﬂected contamination since only one bottle
(aerobic bottle) of two sets of blood cultures grew the
organism and this patient did not receive antimicrobial ther-
apy. Patient 1 had infective endocarditis and another three
(patients 2, 4 and 5) patients had catheter-related bactera-
emia. All infections were successfully managed and there was
no infection-related mortality.
RAPD pattern analysis showed that isolates from the four
patients all had different RAPD patterns, indicating that they
were genetically unrelated and that nosocomial transmission
had not occurred. Second, multiple isolates from these four
patients with persistent CRBSI had identical RAPD patterns,
implying either incomplete treatment for an occult focus or
persistent carriage of the same bacteria.
This report describes four patients with K. kristinae infec-
tion in immunocompromised patients, which suggests that
TABLE 1. Susceptibilities of ﬁve nonduplicate isolates of
Kocuria species to 20 antimicrobial agents using the Phoenix
automated system PMIC/ID-30 (Becton Dickinson Diagnos-
tic Systems)
Agent
MIC range (mg/L)
Kocuria kristinae
(n = 4)
Kocuria marina
(n = 1)
Penicillin 0.25–4 >8
Oxacillin 4 £0.25
Ampicillin £0.25–1 £0.25
Amoxicillin-clavulanic acid £1/0.5 £1/0.5
Cefazolin 4–16 >16
Cefotaxime £8 £8
Erythromycin £0.25 £0.25
Clindamicin £0.5–1 £0.5
Vancomycin £1 £1
Teicoplanin £0.5 £0.5
Gentamicin £500 £500
Ciproﬂoxacin 1 1
Levoﬂoxacin £1 £1
Trimethoprim-sulfamethoxazole £0.5/9.5 £0.5/9.5
Fusidic acid £1 £1
Nitrofurantion 32 to >64 >64
Quinupristin-dalfopristin £0.5 £0.5
Linezolid £1–2 £1
Rifampicin £0.5 £0.5
Streptomycin £1000 £1000
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Kocuria species are rare pathogens in immunocompromised
adults and children. In addition, the present series includes
the ﬁrst reported case of endocarditis due to K. kristinae and
expands the clinical spectrum of infections caused by this
group of bacteria.
All four patients with K. kristinae infection in the present
study had an implanted catheter and all of them had catheter
removal prior to clearance of infection. This is consistent
with a previously reported case in which persistent K. kristi-
nae bacteraemia did not improve until catheter removal [6]
and suggests that catheter removal should be recommended
for the treatment of K. kristinate infection.
In this survey of 21 isolates identiﬁed as Kocuria species by
conventional biochemical analysis, the ﬁndings with respect
to 16S rRNA gene sequencing for 20 isolates of K. kristinae
were consistent with the conventional test results. However,
for another non-K. kristinae isolate, the results of 16S rRNA
gene sequencing were different from the identiﬁcation made
by the Phoenix system and the VITEK 2 system. This ﬁnding
suggests that accurate identiﬁcation to the species level
requires advanced molecular methods such as 16S rRNA
gene sequencing, which are useful for the identiﬁcation of
clinically signiﬁcant species Kocuria.
Data on the antibiotic susceptibility patterns of Kocuria
species are very limited. Our results were in accordance
with those obtained in a previous study [11]. However, the
four K. kristinae isolates had oxacillin MICs up to 4 mg/L,
which were considered resistant to oxacillin if MIC inter-
pretive breakpoints for S. aureus and S. lugdunensis (resistant,
MICs ‡ 4 mg/L) or for other coagulase-negative staphylo-
cocci (resistant, MICs ‡ 0.5 mg/L) were applied [12]. Despite
the difﬁculty in drawing inferences about an optimal antibi-
otic treatment based on this limited experience, our data
suggest that the clinical microbiology laboratory has the abil-
ity to identify these unusual bacteria to the species level
because as a result of the different drug susceptibility pat-
terns for the different Kocuria species.
In conclusion, Kocuria is an uncommon cause of infection
in immunocompromised patients. The clinical manifestations
are protean, and include catheter-related infection and infec-
tive endocarditis. Accurate identiﬁcation with molecular
methods is imperative for the diagnosis of these unusual
pathogens.
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The sensitivity of direct identiﬁcation from
positive BacT/ALERT (bioMe´rieux) blood
culture bottles by matrix-assisted laser
desorption ionization time-of-ﬂight mass
spectrometry is low
F. Szabados, M. Michels, M. Kaase and S. Gatermann
Institute for Hygiene and Microbiology, Department of Medical Microbiology,
Ruhr-University Bochum, Bochum, Germany
Abstract
Recently, matrix-assisted laser desorption ionization time-of-
ﬂight mass spectrometry (MALDI-TOF MS) has been presented
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